INTRODUCTION
in muscle temperature the metabolic energy required to achieve a given power output 1 0 5
increases. Alternatively, temperature may have the same effect on ATP use and 1 0 6 muscle power output by its thermodynamic effect on protein activities so that both 1 0 7
decrease with decreasing temperature, but the ratio between power and oxygen 1 0 8 1 3 6
Oxygen consumption of gastrocnemius during rest and work loop performance
The raw data trace (Fig. 4A) shows a typical pattern of oxygen consumption, which 1 3 8
increases rapidly between rest and activity (during work loop performance). Oxygen acclimation nor an interaction (both F 1,14 < 1.2, p > 0.28).
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Integrating the results from the work loop power output and oxygen increased muscle viscosity at low temperatures even following thermal acclimation.
0 4
The slower muscle force generation and relaxation times at low temperature 2 0 5
were most likely caused by negative thermodynamic effects on proteins involved in 2 0 6
excitation-contraction coupling (e.g. dihydropyridine and ryanodine receptors) and an additional explanation for the reduced tetanus stress and power production at low flight. Hence, many ectotherms warm their muscles before movement and activity.
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Muscle activity and animal movement are possible at lower temperature, but would
require a greater investment of ATP. These relationships are somewhat
counterintuitive because ATP use is assumed to increase with increasing temperature,
particularly in ectotherms (Dickson et al. 2002) . The important finding here is that
while ATP use may increase at higher temperatures, it also becomes more efficient.
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At a seasonal time scale, many ectotherms acclimate locomotor performance imply that under cold conditions there should be a net increase in ATP production if preparations. Isometric studies (n = 8 per acclimation treatment) were used to determine the twitch
and tetanus kinetics of isolated gastrocnemius muscle. The bone at one end of the 3 1 3 muscle preparation was clamped via a crocodile clip to a strain gauge (UF1, Pioden
Controls Ltd, Canterbury, Kent, UK), and the bone at the other end was clamped via a muscle, tendon and bone preparation was then allowed to equilibrate within the bath and muscle length corresponding to maximal isometric twitch force. An isometric force and time from last stimulus to half tetanus force relaxation were measured. A of the muscles were first tested at 25 o C. performance (Caiozzo 2002; James et al. 1996) . In the absence of in vivo strain data To measure oxygen consumption of isolated muscle (n = 8 per acclimation treatment)
at rest and during prolonged work loop performance, we used a plastic covering to Nature 413, 730-732. Méndez, J. and Keys, A. (1960) . Density and composition of mammalian muscle.
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Metabolism 9, 184-188. between test temperatures are indicated by horizontal bars with different letters).
Similarly, time to half peak tetanus (B) and time from last stimulus to half tetanus 
